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1 Introduction
This paper studies the MAC modeling for user plane architecture of small cell enhancement. Comparisons are made between one common and separate MACs on UE towards MeNB and SeNB. 
2 Discussion
2.1 The model of UE MAC
The figure.1 provides a general understanding to dual connectivity concept. In network side, as regards downlink procedure, MeNB delivers MAC TB(Transport Block) related to one or different logical channels to any cell of its physical lay, SeNB delivers MAC TB to any cell of its physical layer as well, the bearer in SeNB is from CN by 1A or from MeNB PDCP by 3C. As regards uplink procedure, whether the split bear will be used is under discussion. In UE side, UE receives MAC TB from physical layer or sends MAC TB to physical layer, now the issue is how many MAC entities in UE is reasonable for supporting dual connectivity, we see two available alternatives as follows: 
· Alternative1, One MAC per UE
· Alternative2, Dual MAC Entity per UE, one is toward MeNB, another is toward SeNB
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Figure.1 UE MAC Alternatives
In this paper, aiming to choose the right number of MAC entity in UE and observe how the UE and network will work at, according to the figure.1, we give an analysis to two alternatives taking the MAC function and procedure into account in the next section. 

Notice: The number in Figure.1 is just to mark logical channel and physical cell, no any further preference.
2.2 The comparison of two alternatives
In this section, the comparison of One MAC and Dual MAC Entity is given, the uplink with split bearer or eNB specific bearer are both considered in following specific aspect. 
· On Demultiplexing, LCH  ID, Multiplexing
· For demultiplexing and LCH ID, as in the Figure.1, without regards of the complex implementation that UE MAC records the eNB that each MAC TB is relevant to, One MAC alternative requires MeNB use the LCH ID that is different from the SeNB’s, otherwise UE MAC could not submit the MAC SDU to the right RLC if the same LCH ID is used in both eNBs. This requirement means MeNB should negotiate the LCH ID with SeNB, for example, one eNB should know the LCH ID used by another eNB, and could not use this LCHID to itself. To alternative2, although double MAC Entity is used in UE, each MAC Entity could submit MAC SDU to right RLC entity without the requirement to negotiate LCH ID in eNBs, since each MAC Entity works at independent LCH ID Groups. The LCH ID in two eNBs with split bearer could be different or same. 

· For multiplexing, to alternative1, UE MAC needs to multiplex MAC SDU and MACCE toward MeNB to physical cell of MeNB, and multiplex MAC SDU and MACCE toward SeNB to physical cell of SeNB, which means One MAC alternative should make new implement to remember the relation of MAC SDU& MACCE and eNB, which looks like a complex variation of Dual MAC Entity alternative. Alternative2 does not require UE MAC Entity remember this type of relation, since MAC SDU and MACCE in each MAC Entity is just for one eNB. Although double MAC entities are used in alternative2, compared with One MAC alternative, it reduces the MAC implement complexity. 
Observation 1, From the view of  UE implementation, alternative1 needs MAC make new implement to remember the relation of MAC SDU& MACCE and eNB in multiplexing procedure, while  alternative2 does not need UE MAC Entity remember this type of relation, which means alternatvie2 could reuse legacy MAC design as much as possible. From the view of requirement to network, alternative1 requires that MeNB negotiate the different LCH ID with SeNB for demultiplexing procedure, while alternative2 has no this type of requirement to network.
· On LCH Priority
· For alternative1, for example, the LCH#1,#3,#4,#5 have priority value (1,4,2,3), considering MeNB could not interpret the LCH#4 data in 3C and LCH#5 data in 1A , so the data from LCH#3 and LCH#4 should not be sent on MeNB UL grant, however, by current specification to LCH priority, UE will send the data from LCH#3 and LCH#4 to MeNB prior to LCH#2 data. Hence, alternative1 needs UE MAC to know the relation of LCH ID and eNB, UE MAC should remember this relation as long as it works, new UE MAC implementation will be generated. The similar requirement to UE know the relation of LCH ID and eNB is needed for priority value (1,2,1,2), and (1,2,3,4) with considering SeNB UL grant.
· For alternatvie2, each MAC Entity just could send its own LCHID data on its UL Grant, the priority value of LCH#1,#3,#4,#5 could be (1,4,2,3), (1,2,1,2), (1,2,3,4), or any other value set. Alternatvie2 supports the value definition per UE and per eNB. The legacy logical channel prioritization procedure could be reused as much as possible. No extra implement work to remember the relation of LCH ID and eNB is needed for UE MAC Entity.
· Beside the LCH priority value, paper [1] discusses the token bucket algorithm used in LCP procedure, and suggests that legacy LCP can be applied independently per eNB with split PBR for the split bearer, which is also accommodative to Dual MAC Entity alternative.
Observation 2, From the view of UE implementation, alternative1 needs MAC make new implement to remember the relation of LCHID( equal to MAC SDU) and eNB, while alternative 2 does not need UE MAC Entity remember this type of relation, which means alternatvie2 could reuse legacy MAC design as much as possible. Furthermore, alternative2 is more accommodative to token bucket algorithm of dual connectivity.
· On BSR
· For eNB specific bearer, agreement in last meeting is “For eNB-specific bearer, UE sends BSR information related to specific bearer towards the eNB for which corresponding bearer belongs to”. By this agreement, both alternatives should know the relation of bearer and eNB. Just as the analysis in LCH priority, alternative1 needs MAC remember the relation of bearer and eNB, and make sure BSR is sent to the right eNB, while alternative 2 does not need UE MAC Entity remember this type of relation, it is natural to send its BSR to its eNB cell.
· For BSR with split bearer, as in paper[2]-[3], many issues needs to be discussed and decided, such as whether the content of BSR is defined by the proportion of split bear, one eNB or tow eNBs that BSR should be reported to, whether one eNB transfers BSR to another eNB on Xn interface. Anyway, we think that BSR triggered by RLC data/status report relevant to SeNB will be sent to SeNB, and that the MeNB will get BSR for split bear in MeNB as well. Thus, One MAC alternative will increase the MAC design complexity, since alternative1 should make sure BSR trigger by different event should be reported to right eNB. However, alternative2 could avoid partly UE implementation for right BSR report, since MAC entity in alternative2 only gets the RLC data/status report related to itself. BSR exchange in Dual MAC Entity is needed if BSR toward one eNB could be reported to another eNB, we think that is simple for UE implementation.
Observation 3, From the view of UE implementation, aiming to support both eNB specific bearer and split bearer, alternative1 needs MAC remember the relation of bearer and eNB, and make sure BSR trigger by different event should be reported to right eNB, however, alternative2 could avoid partly UE implementation by reporting its BSR to its eNB.
· On LCG

· As in paper [2], there are four LCGs for dual connectivity UE. For BSR on eNB specific bear, it is desired that eNB specific bearers intended for different eNBs are not configured in the same LCG. If a split bearer is intended for both eNBs, its associated logical channels need to be included in more than one LCGs. The Logical channel corresponding to MeNB is configured in a LCG mapping to MCG. The logical channel corresponding to SeNB is configured in a LCG mapping to SCG. Based on this reasonable assumption, LCG IDs could be valued together or separately in MeNB and SeNB, e.g., (0,1,2,3), or (0,1,0,1), anyway, the we don’t see significant difference if BSR of one eNB is allowed to be sent to another eNB in split bearer case, which means both alternatives should know the relation of LCG ID and eNB. For eNB specific bearer, the LCGID could be designed per eNB or per UE, UE MAC Entity in alternative2 does not need to remember the relation of LCGID and eNB, since each MAC Entity sends its BSR with LCGID toward its eNB, it does not need any extra UE implementation. As a result, alternative 2 gives more flexibility to LCG Design compared with alternative1.
Observation 4, Alternative 2 gives more flexibility to LCG Design compared with alternative1, from the view of UE implementation, and does not need to make new implement to remember the relation of LCGID and eNB if eNB specific bearer is applied.
· On SR

· Considering there could be two PUCCH in dual connectivity, SR could be design for each eNB. One MAC alternative needs more specification impact, e.g., the SR_COUNTER should be termed for each eNB. Dual MAC alternative could easily inherit the current specification, since each MAC Entity works as the legacy MAC. 
Observation 5, Alternative 2 has low impact on specification.
· On DRX
·  Considering separate DRX configurations should be supported for MeNB and SeNB, Dual MAC alternative seems accommodative to separate DRX in MeNB and SeNB.
·  On Activation and Deactivation
· Considering that MeNB finally decides or knows whether to add SeNB cell to UE, the cell index of MeNB and SeNB could be valued together or separately. If cell index is valued together, for example, network configures scell index as (1,2,3,4) to UE by RRC message, there is no difference for one MAC or dual MAC to use activation and deactivation MACCE. If cell index is valued separately, e.g.,( (MeNB)1,2, (SeNB)1,2), and each eNB has independent mapping of Ci in MACCE to eNB’s cell index i, one MAC alternative should realize which eNB the received activation and deactivation MACCE belongs to, otherwise UE will activate another eNB’s cell with same cell index. For alternative 2, each MAC Entity just handles its MACCE per eNB. This means one MAC alternative may need extra UE implementation.
Observation 6, From the view of UE implementation, one MAC alternative may need to realize which eNB the received activation and deactivation MACCE belongs to, alternative 2 has low impact on UE MAC Entity implementation.

· On Uplink timing maintenance
· As in paper [4], MAC could just handle its cells based on TAG. No significant difference is seen in alternative1 and alternative2.
· On Random Access

· As the discussion last meeting, random access procedure could be toward SeNB. If only one random access procedure is allowed in UE, no significant difference is seen in alternative1 and alternative2. If two parallel random access procedures are run in UE, some coordination on preamble resource and power may be implemented between UE MAC Entities. The similar coordination will be implemented in One MAC alternative. Hence, no significant difference is seen in alternative1 and alternative2.
· On PHR

· If PHR could be reported to MeNB and SeNB, Dual MAC Entity alternative requires one MAC get the BSR related information from another MAC Entity, which is a simple UE implementation. 
· On Semi-Persistent Scheduling

· No significant difference
· On MCH reception
· No significant difference
· On MAC Reset
· Separated MAC Entity bring flexibility to maintain the dual connectivity separately, e.g., in MAC reset procedure, one MAC Entity could perform the reset procedure, while another MAC Entity keeps on working.
Observation 7, From the view of UE implementation, compared with One MAC alternative, alternative 2 is more flexible to maintain the dual connection separately.
By above analysis, we can see the differences of One MAC alternative and Dual MAC Entity alternative are mainly in the complexity of UE MAC implementation, the requirement to network negotiation and configuration, and the impact on specification. A table is shown here to summarize the differences of two alternatives, and our proposal is:
Proposal1: Considering that One MAC alternative could increase the complexity of MAC implementation and have high requirement on network coordination and configuration, while Dual MAC Entity alternative could reuse legacy MAC implementation and specification as much as possible, and be flexible to network configuration and MAC reset procedure, it is suggested that Dual MAC alternative will be used in UE for dual connectivity.
Table.1 The differences of One MAC and separate MACs towards MeNB and SeNB
	
	One MAC Alternative
	Dual MAC Alternative

	Demultiplexing, LCHID,    Multiplexing
	Complexity in UE 
	( 
	( 

	
	Requirement to Network
	( 
	( 

	LCH Priority
	Complexity in UE 
	( 
	(

	BSR
	Complexity in UE 
	( 
	(

	LCG
	Complexity in UE 
	( 
	( 

	
	Requirement to Network
	(
	( 

	SR
	Impact on specification
	(
	( 

	DRX
	(
	(

	Activation and Deactivation
	Complexity, if cell index is valued together.
	( 
	(

	
	Complexity, if cell index is valued separately, and independent mapping of MACCE Ci and cell index i is in each eNB.
	(
	( 

	MAC Reset
	(
	( 

	Number of MAC Entity
	(
	(


Based on above analysis to MAC function and procedure toward Dual MAC Entity model, we don’t see any significant difference in two MAC entities, each MAC Entity is associated to one eNB, these two MAC Entities are equal to each other. The possible information exchange of each MAC Entity is considered as UE MAC implementation.
Proposal2: The two MAC Entities in UE, one per eNB, are equal to each other. The possible information exchange between these MAC Entities is considered as UE MAC implementation.
3 Conclusion
In this contribution, we analyze how UE and network will work with the One MAC alternative and Dual MAC Entity alternative. Based on the comparisons of these two alternatives, our proposal is as follows:
Proposal1: Considering that One MAC alternative could increase the complexity of MAC implementation and have high requirement on network coordination and configuration, while Dual MAC Entity alternative could reuse legacy MAC implementation and specification as much as possible, and be flexible to network configuration and MAC reset procedure, it is suggested that Dual MAC alternative will be used in UE for dual connectivity.
Proposal2: The two MAC Entities in UE, one per eNB, are equal to each other. The possible information exchange between these MAC Entities is considered as UE MAC implementation.
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